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Optimization of metallic nanoparticles was presented in this paper by aid of computational numer-
ical calculation. The optical extinction spectra of rhombic hybrid Au-Ag nanoparticles have been
calculated by the discrete dipole approximation (DDA) aided design method. Both material and the
thickness of the particles can be used to effectively tune localized surface plasmon resonance. On
the basis of the calculated extinction spectra, the crucial parameters of the nanostructure arrays
such as thickness can be determined. Using this DDA aided approach, a hybrid Au-Ag nanoparti-
cles array is put forth and designed with the optimized parameter of thickness of metal thin films
(hAu = 5 nm, and hAg = 25 nm). This study shows that the material of the particles have significant
effect on the optical properties. The DDA aided design method can provide the optimized structure
parameters for the hybrid nanostructures.
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1. INTRODUCTION
Noble metal nanoparticles, usually Ag or Au, are well
known for their ability to exhibit localized surface plasmon
resonance (LSPR) which can give rise to extraordinary
transmission. LSPR excitation can causes the local electro-
magnetic (EM) field enhancement in orders of magnitude.
This feature has very important application in many fields.
In practice, different applications require the specific LSPR
wavelength and absorbance spectrum. Therefore, the abil-
ity to engineer the nanostructure and tune the location of
the LSPR wavelength SP is very important for fabrica-
tion of the nanoparticles. Many experimental investigations
and theoretical calculations on both Au and Ag nanopar-
ticles have shown that the plasmonic properties depend
on the particle size,1 shape,23 and surrounding media,4–6
as well as the arrangement of the particle array.7 Nearly
all the previous investigations were carried out based on
the Au or Ag nanoparticles with simple shaped structures
such as spheres, spheroids, triangles, cubes, and cylin-
ders, etc. However, material of the particles also affects
∗Author to whom correspondence should be addressed.
the resonance frequency. For example, for a particles size
corresponding to the same total thickness of Au and Ag,
Au nanoparticles have a lower frequency resonance than
that of the Ag nanoparticles. Modifying the two metals in
different height ratios can yield different resonances gen-
erated between the pure Au and Ag particles.8
The discrete dipole approximation (DDA) is one of the
most efficient computational numerical algorithms for the
nanostructures with arbitrary shapes. The DDA can calcu-
late the absorbing and scattering of the nanostructures with
arbitrary shapes and dimensions. This method has signif-
icant advantages of occupying less computation resource,
calculating the mutual action between the light and the
metal nanostructures in arbitrary shapes.9–12 It regards the
target particles as an array of point dipoles. Any particles
can be divided into a large number of polarizable cubes
(point dipoles), and the electromagnetic scattering prob-
lem is solved essentially and exactly as long as the cubes
are small enough and subject to a model for the cube
polarizability.
Most of metallic nanoparticles were designed on the
basis of pure Ag thin film metallic nanostructures.
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Corrosion-induced electrochemical damage on surface of
the Ag film exists at ambient atmosphere, especially in the
period of time after micro/nanofabrication. The corrosion
originates from oxidation and sulfuration which is well
known for bulk Ag. But for the Ag thin film, dielectric
constant of the Ag thin film will be definitely changed due
to the oxidation and sulfuration. Optical performance of
the nanophotonic devices varies accordingly. To overcome
this problem, we concentrate on the rhombic hybrid Au-Ag
nanoparticle arrays in this paper. In addition, there are
more binding hot spots in rhombic metal nanostructures
than that of the traditional triangle structures, which is cor-
responding to the stronger surface plasma resonance effect.
An Au thin film was on top of the Ag nanoparticles. The
hybrid nanoparticles can prevent oxidation of the pure Ag
nanoparticles due to the Au protective layer deposited on
top side of the Ag nanoparticles. The hybrid nanoparti-
cles were aided designed using discrete dipole approxima-
tion (DDA). The extinction spectra of hybrid nanoparticles
excited by visible resource were calculated, and the per-
fect thickness of Au and Ag are fixed on hAu = 5 nm
and hAg = 25 nm, considering the extinction efficiency and
the full width at half maximum (FWHM) of the obtained
extinction spectra.
2. COMPUTATIONAL SETUP
The rhombic Au-Ag nanostructures are arranged in the
symmetry two-dimensional infinite arrays. This Au-Ag
nanorhombus array lies in the y-z plane, and the incident
light propagates in the x direction with polarized along the
y axis. The incident wavelength is from 350 nm to 850 nm.
They are infinite rectangular arrays formed by identi-
cal rhombic Au-Ag nanostructures with in-plane width
of 120 nm. This dimension is put forth here consider-
ing fabrication ability of self-assembly monolayer (SAM)
technique. The practically fabricated rhombic nanoparti-
cles with curved edges are approximately substituted to be
straight lines, as shown in Figure 1. The angle between
y
z
Ag
Au
x ⊗
α
α
Fig. 1. The symmetry two-dimensional infinite rhombic Au-Ag
nanostructures.
the arrays and underside is 60 and the period of the
Au-Ag nano-rhombus array is 400 nm (see Fig. 1). The
extended DDA programme of calculating extinction spec-
tra for the two-dimensional infinite arrays is proposed
according to the structure character of the rhombic struc-
ture while the original DDA programme only can calculate
extinction spectra of the single particle. The original DDA
programme DDSCAT 6.1 reported by Draine and Flatau
in 2004, the dielectric constants for Ag are taken from
Ref. [13]. All of our results are calculated by taking the
effective index of medium as the external dielectric mate-
rial and the interdipole spacing (interval step) is set to be
2 nm in our calculation.
3. RESULTS AND DISCUSSIONS
The extinction spectra of different Au-Ag thicknesses were
carried out with particles arranged in a rhombic structure.
The total thickness of Au and Ag is fixed while the out
of height of Au and Ag are both changed. Then, the
total thickness of also changed. It was reported that the
enhancement factor Tp2 rapidly grows with increasing
silver thickness up to 50 nm. Above 50 nm, the enhance-
ment is sharply suppressed due to the intrinsic loss inside
the silver film.1415 Considering this, we set the total thick-
ness of the metal films ranging from 30 nm to 65 nm.
The total thicknesses of the rhombic structure are fixed to
30 nm, 35 nm, 40 nm, 45 nm, 50 nm, 55 nm, and 60 nm,
65 nm, respectively while the out of height of Au and Ag
are changed with interval step of 5 nm. Figure 2 shows the
extinction spectra of the rhombic Au-Ag particle array for
fixed total thickness 30 nm with different thicknesses of
Au and Ag. As can be seen from Figures 3–9, we present
DDA calculation result of total thickness 35 nm, 40 nm,
45 nm, 50 nm, 55 nm, and 60 nm, 65 nm, respectively of
rhombic Au-Ag particles.
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Fig. 2. Extinction spectra of rhombic Au-Ag particle array for total
fixed thickness 30 nm with different Au and Ag thicknesses.
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Fig. 3. Extinction spectra of rhombic Au-Ag particle array for total
fixed thickness 35 nm with different Au and Ag thicknesses.
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Fig. 4. Extinction spectra of rhombic Au-Ag particle array for total
fixed thickness 40 nm with different Au and Ag thicknesses.
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Fig. 5. Extinction spectra of rhombic Au-Ag particle array for total
fixed thickness 45 nm with different Au and Ag thicknesses.
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Fig. 6. Extinction spectra of rhombic Au-Ag particle array for total
fixed thickness 50 nm with different Au and Ag thicknesses.
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Fig. 7. Extinction spectra of rhombic Au-Ag particle array for total
fixed thickness 55 nm with different Au and Ag thicknesses.
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Fig. 8. Extinction spectra of rhombic Au-Ag particle array for total
fixed thickness 60 nm with different Au and Ag thicknesses.
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Fig. 9. Extinction spectra of rhombic Au-Ag particle array for total
fixed thickness 65 nm with different Au and Ag thicknesses.
The obtained results show that changing the two met-
als in the different ratios can yield resonances in between
the resonances of the pure gold and silver particles. The
thicknesses of the nanostructure have great influence on
the extinction spectra. When the thickness is increased, the
peak positions of the extinction efficiency exhibit shifts
while the intensity of the extinction has obviously been
decreased. In other words, the suitable thickness parame-
ter of Au can be decided considering of the high spectrum
resolution and the intensity of the extinction. As can be
seen from Figures 2 to 9, for the case of 5 nm thick-
ness of Au film, the intensity of the extinction spectra is
always maximum in comparison to that of other cases,
and the corresponding FWHM is narrow accordingly. The
extinction efficiency degrades with increasing of the total
thickness. For the same total thickness, with increasing
of hAu, the peak efficiency decrease with reducing hAg, and
apparent redshift occurs. The spectra width FWHM and
0.4 0.5 0.6 0.7 0.8
0
2
4
6
8
10
12
14
Ex
tin
ct
io
n 
ef
fic
ie
nc
y
Wavelength (nm)
hAu = 5, hAg = 25
hAu = 5, hAg = 30
hAu = 5, hAg = 35
hAu = 5, hAg = 40
hAu = 5, hAg = 45
hAu = 5, hAg = 50
hAu = 5, hAg = 55
hAu = 5, hAg = 60
Fig. 10. Extinction spectra of rhombic Au-Ag particle array for fixed
Au thickness 5 nm with different Ag thicknesses.
extinction efficiency strongly depend on effective refrac-
tive index neff = n′eff + in′eff of the hybrid Au-Ag structures
whereas the former is determined by n′eff and the latter is
determined by n′eff . Therefore, the 5 nm thickness of Au
is fixed while we optimize the thickness of Ag by varying
its value from 25 nm to 60 nm with 5 nm interval steps.
The calculation result is shown in Figure 10.
It can be seen from Figure 10 that for 5 nm Au,
the thickness of 25 nm Ag renders our expect spectra.
According to the above analyses, the array structures con-
sidered here are infinite rectangular arrays formed by
identical Au-Ag rhombic nanostructures with 120 nm in-
plane width, 25 nm out-of-plane Ag height, and 5 nm Au
height. The corresponding angle between the arrays and
underside is 60 and the period of the Au-Ag nanorhombus
array is 400 nm.
4. SUMMARY
In summary, we have presented a DDA aided design
method to optimize the thickness of the hybrid Au-Ag
rhombic nanostructure. Optical properties of the struc-
tures can be significantly tuned by means of varying
thicknesses/heights of the Au and Ag films respectively.
The DDA calculations demonstrate that the material of
nanoparticles have significant effect on their optical prop-
erties of extinction spectra. The thickness change of Au
and Ag can significantly shift the plasmon peak wave-
length. DDA is an effective method to design and optimize
the structure parameters, which can help us to obtain the
suitable structure parameters. The DDA calculation results
show that the hAu = 5 nm and hAg = 25 nm of the hybrid
Au-Ag rhombic nanostructure are suitable parameters for
the structures in potential bio-nanosensor application in the
future.
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